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How proteins migrate through the interconnected organelles of the endolysosomal system is poorly understood. A piece of the puzzle has been added with the identification of a complex of tethering factors that functions in the recycling of proteins towards the cell surface.
Multiple subtypes of endosomes exist in the endolysosomal system of eukaryotic cells. Molecules endocytosed from the plasma membrane or arriving from the trans-Golgi network (TGN) are passed through this complex network of interconnected membrane-bound compartments before being recycled to the cell surface for exocytosis or transferred to the lysosome for degradation 1 . Analysis of the mechanisms of protein transfer between these compartments is complicated by the fact that endosomes and lysosomes are dynamic and motile organelles that can fuse with each other and fragment. Furthermore, a single endosome can be organized in distinct membrane domains and can undergo a process of maturation, adding complexity to attempts to assign functions to specific endosomal subtypes. In this issue of Nature Cell Biology, Schindler et al. 2 describe an endosomal protein complex belonging to the multi-subunit tethering complex (MTC) protein class, and show that it operates specifically in endocytic recycling.
Rab proteins -a family of GTPase proteins with more than 60 members in metazoans -and their associated effector proteins are involved at each stage of vesicular transport in the endo-and exocytic pathways. Different endosomal domains are populated by distinct Rab GTPases and Rab-effector proteins, and endosomal maturation from early to late endosome character coincides with an exchange of Rab and Rab-effector proteins 3 ( Fig. 1 , but was named as GARPII, owing to its structural similarity to the MTC called the Golgi-associated retrograde protein (GARP) complex.
EARP shares three of GARP's four subunits: Vps51, Vps52 and Vps53. The fourth GARP subunit Vps54 is replaced in EARP by a newly described factor termed syndetin or Vps54L. This subunit exchange alters the localization of the complex -Vps54 positions GARP to the TGN, whereas syndetin localizes EARP to Rab4-expressing and, to a lesser extent Rab11-containing, recycling endosomes. Schindler et al. 2 tested the role of syndetin in endosomal recycling to the plasma membrane, which they presumed to depend on EARP, and in retrograde traffic from endosomes to the Golgi, which depends on GARP. They found that endocytosed transferrin co-localized with syndetin in endosomes, and knockdown of syndetin using a short interfering RNA strongly reduced recycling of transferrin to the cell surface. By contrast, the GARP-dependent transfer of proteins from endosomes to the TGN was not affected, as demonstrated using two cargos of this trafficking pathway, Shiga toxin B-subunit and TGN46. The co-localization of syndetin with recycling cargo and its impact on the rate of recycling strongly support a role for EARP in protein transfer from early endosomes to recycling endosomes and the plasma membrane. Thus, syndetin offers a tool to specifically interfere with fusion reactions on recycling endosomes, which may help to elucidate the means by which endosomes exchange proteins for recycling to the cell surface.
The mechanisms behind protein trafficking in the endosomal system are poorly understood because the system displays several complex features. Endosomes seem to mature by specific addition and/or subtraction of proteins, which implies vesicular trafficking to or from other compartments. This is exemplified by the maturation of early endosomes into late endosomes, during which Rab5 is exchanged for Rab7 and the MTC CORVET is transformed into the related HOPS complex 9, 10 . Transient fusion followed by re-fission of two organelles ('kiss-and-run' fusion) can also be observed in the endolysosomal system 11 . Furthermore, an endosome can be organized into distinct but continuous domains, characterized by the enrichment of specific Rab proteins 12 . A Rab domain may separate from the rest of the endosome by a fission event, as observed for Rab7-containing structures that depart from Rab5-positive endosomes 13 . These endosomal carrier vesicles (ECVs) have been proposed to serve as transporters of cargo to a stable late endosomal compartment. But we have little insight into how such carriers are detached, how cargo might be sorted into them and how they are finally delivered to late endosomes.
Similar events might take place during the transport of endocytosed proteins from early to recycling endosomes, and Schindler and colleagues' findings suggest that fusion of similar carriers with the recycling endosomes depends on EARP. If this is the case, inactivation of syndetin might be a means to accumulate them, which should help to characterize these structures and elucidate their mechanism of formation. An accumulation of such carrier vesicles that are unable to fuse with Rab4-positive recycling endosomes would not be resolved at the limited resolution of the light microscope. A presumed function of syndetin in carrier vesicle docking is thus consistent with the observation of Schindler et al. that knockdown of syndetin leads to an accumulation of transferrin fluorescence in recycling endosomes. However, it would be equally consistent with a role of syndetin in cargo exit from the recycling endosome towards the plasma membrane. While this conforms less to our canonical perception of the role an MTC protein, it is not without precedent. For example, formation of AP-3 coated transport vesicles in the late Golgi, which are destined for fusing with lysosome-like vacuoles, requires the HOPS subunit Vps41 (ref. 14). Thus, detailed analyses of the functions of all EARP subunits will be required in order to elucidate the functions of this MTC.
Another interesting aspect highlighted by the work of Schindler et al. 2 and Gillingham et al. 8 is the apparent modularity of MTCs. GARP and EARP share a set of core subunits and differ by only one protein, which recruits the complexes to different compartments and allows them to interact with different Rab proteins. This mode of organization recapitulates that of the endosomal CORVET and the HOPS complexes, which both contain six subunits. Four subunits -Vps11, Vps18, Vps16 and Vps33 -are common to the core of both complexes, and the core binds to alternative sets of two additional subunits that define the specificity of the complex. In HOPS, the Vps39 and Vps41 subunits allow the complex to function at lysosomal or vacuolar membranes through binding Ypt7 (the yeast homologue of Rab7), whereas in CORVET, Vps3 and Vps8 allow function with Vps21 (Rab5) on early endosomal membranes 15 . Another MTC, TRAPP, similarly exists in three forms, which all interact with the same Rab GTPase (Ypt1 or its mammalian homologue Rab1) but function with it at distinct sites to participate in traffic from the endoplasmic reticulum to the Golgi, intra-Golgi traffic, endosome-Golgi traffic and autophagy 5 . Thus, modular variation of MTCs could be a general principle for organizing vesicular traffic. This model would help to resolve the discrepancy between the large number of Rab GTPases and the fact that only ten MTCs are known. Rab proteins are assumed to be specific for a given trafficking route and to interact in this function with an assorted tethering complex -if this is true, many more MTCs should exist. But modularity might provide an economical way of using a limited number of subunits to generate multiple MTCs with specificities for distinct Rab proteins. Alternatively, an individual MTC might operate with several different Rab proteins in different trafficking reactions. Since MTCs enhance the specificity of SNARE complex formation 6 , modular MTCs could also explain how the many SNARE proteins in the endolysosomal system can be recruited into several distinct complexes that show an overlapping but non-identical composition of SNARE subunits. The numerous MTC modules that might exist according to this model may have escaped detection so far because their sequence diverges much more than their structure. This sequence divergence also initially prevented recognition of the similarities between different known MTCs, which only became apparent when their structures were solved 4 . The complexities of the endolysosomal system are puzzling and we remain far from understanding how the identity of these compartments is defined and maintained and how the exchange of material between them is organized on a molecular level. Further identification of components that determine the recruitment of cargo and the directionality of the trafficking routes between them will help to eventually resolve these questions and gain comprehensive insight into the functioning of this family of compartments. Proteins endocytosed from the plasma membrane pass through multiple membrane-bound endosomal compartments as they are transported to the lysosome for degradation or recycled to the cell surface. The different endosomes and the different domains within one endosome can be distinguished on the basis of the Rab GTPases they contain. Schindler et al. 2 report an MTC, EARP, that localizes mainly to Rab4-carrying recycling endosomes and to a lesser extent to Rab11-carrying recycling endosomes.
